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RELATED PATENT DATA 

This application is a continuation-in-part of U.S. Patent Application Serial 
No. 09/752,685, filed on January 3 } 2001, entitled "Method And Composition For 
Plasma Etching Of A Self-Aligned Contact Opening", listing Shane J. Trapp as 
the inventor This earlier application is hereby fully incorporated by reference 
in this document as if presented in its entirety below. 

TECHNICAL FIELD 

This invention relates to methods of forming integrated circuitry, and to 
methods of forming shallow trench isolation in a semiconductor substrate. 

BACKGROUND OF THE INVENTION 

Semiconductor processing often involves the deposition of films or layers 
over or on a semiconductor substrate surface which may or may not have other 
layers already formed thereon. In typical circuitry fabrication, portions of an 
outer layer are masked, typically using photoresist, to provide a desired pattern 
over the outer layer. An underlying layer is then removed by chemical etching 
through the mask opening, with the mask covering and protecting other areas 
from the etching. Often it is desirable to etch an outer layer or layers 
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selectively relative to an underlying layer. Accordingly, materials on the 
substrate, etch chemistry and conditions are continually being developed and 
improved to achieve a manner by which the desired layer(s) can be etched 
while stopping and substantially not etching an underlying layer. 

Another concern is selectivity in the etch relative to the typical overlying 
photoresist masking layer used to form the pattern in underlying layers. For 
example, certain etching chemistries utilized to etch underlying layers can provide 
less than desired selectivity to the photoresist layer itself. In some instances, 
the removal rate of the photoresist can be so great as to require undesired 
thicker layers of photoresist to assure that the mask pattern formed in the 
photoresist remains for the complete etch of the underlying layer(s). In other 
instances, reduced or less than desired selectivity in using certain etching 
chemistries can cause a reduction in the anisotropy of the etch or otherwise 
rounding and widening of the pattern openings themselves. This can result in 
less than a desired accurate transfer of the mask pattern to the underlying 
layers. Accordingly, there is a continuing effort to improve etching chemistries 
that increase selectivity to photoresist in the etching of underlying layers, 
particularly where the underlying layers include silicon nitride. 

Although the invention was particularly motivated from this perspective, it 
is in no way so limited, with the invention being limited only by the 
accompanying claims as literally worded and as interpreted in accordance with 
the doctrine of equivalents. 
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SUMMARY 

The invention includes methods of forming integrated circuitry and methods 
of forming shallow trench isolation in a semiconductor substrate. In one 
implementation, a method of forming integrated circuitry includes forming a silicon 
nitride comprising layer over a semiconductor substrate. At least a portion of 
the silicon nitride comprising layer is etched using an etching chemistry 
comprising ammonia and at least one fluorocarbon. In one implementation, a 
method of forming shallow trench isolation in a semiconductor substrate includes 
depositing a silicon nitride comprising layer over a bulk semiconductor substrate. 
A photoresist comprising masking layer is formed over the silicon nitride 
comprising layer. The photoresist comprising masking layer is patterned effective 
to form a plurality of shallow trench mask openings therethrough. The silicon 
nitride comprising layer is etched through the mask openings substantially 
selectively relative to the photoresist using an etching chemistry comprising 
ammonia and at least one fluorocarbon. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Preferred embodiments of the invention are described below with reference 
to the following accompanying drawings. 

Fig. 1 is a diagrammatic sectional view of a semiconductor wafer fragment 
in process in accordance with an aspect of the invention. 

Fig. 2 is a view of the Fig. 1 wafer fragment at a processing step 
subsequent to that shown by Fig. 1. 

Fig. 3 is a view of the Fig. 1 wafer fragment at a processing step 
subsequent to that shown by Fig. 2. 

Fig. 4 is a view of the Fig. 1 wafer fragment at a processing step 
subsequent to that shown by Fig. 3. 

Fig. 5 is a view of the Fig. 1 wafer fragment at a processing step 
subsequent to that shown by Fig. 4. 

Fig. 6 is a view of the Fig. 1 wafer fragment at a processing step 
subsequent to that shown by Fig. 5. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

This disclosure of the invention is submitted in furtherance of the 
constitutional purposes of the U.S. Patent Laws "to promote the progress of 
science and useful arts" (Article 1, Section 8). 

The invention is described in a first preferred embodiment in connection 
with Figs. 1-6 in a preferred implementation of forming shallow trench isolation 
regions in a semiconductor substrate. In the context of this document, the term 
"semiconductor substrate" or "semiconductive substrate" is defined to mean any 
construction comprising semiconductive material, including, but not limited to, bulk 
semiconductive materials such as a semiconductive wafer (either alone or in 
assemblies comprising other materials thereon), and semiconductive material 
layers (either alone or in assemblies comprising other materials). The term 
"substrate" refers to any supporting structure, including, but not limited to, the 
semiconductive substrates described above. Also in the context of this 
document, the term "layer" encompasses both the singular and the plural unless 
otherwise indicated. 

Fig. 1 depicts a wafer fragment 10 comprised of a bulk monocrystalline 
silicon substrate 12. A pad oxide layer 14 is formed thereover, and a silicon 
nitride comprising layer 16 is formed over substrate 14/12. An exemplary 
thickness range for layer 14 is from 50 Angstroms to 100 Angstroms, while an 
exemplary thickness range for layer 16 is from 400 Angstroms to 
1200 Angstroms. In one embodiment, layer 16 preferably consists essentially 
of silicon nitride, preferably deposited by chemical vapor deposition or other 
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existing or yet-to-be-developed techniques. A photoresist comprising masking 
layer 18 is formed over and preferably on (in contact with) silicon nitride 
comprising layer 16. An exemplary thickness for layer 18 is from 
2000 Angstroms to 8000 Angstroms. The invention may have particular utility 
to 193 nanometer photoresist which can be less resistant to certain etch 
chemistries as compared to other photoresists. 

Referring to Fig. 2, photoresist comprising layer 18 has been patterned 
effective to form a plurality of shallow trench mask openings 20 therethrough 
and to silicon nitride comprising layer 16. Conventional photolithography or 
other lithographic or nonlithographic methods, whether existing or yet-to-be- 
developed, are of course contemplated. 

Referring to Fig. 3, silicon nitride comprising layer 16 is etched through 
mask openings 20 using an etching chemistry comprising ammonia and at least 
one fluorocarbon. Preferably, such etching is plasma-enhanced using such 
chemistry and etching conditions to effectively substantially anisotropically etch 
silicon nitride comprising layer 16, and to do so substantially selectively relative 
to photoresist comprising layer 18. In the context of this document, 
"substantially selectively" means an etch ratio to a photoresist comprising layer 
of at least 2:1. Further in the context of this document, "substantially 
anisotropically" means an etch which achieves a wall angle which is within 10° 
to an angle normal to a mean outer surface of substrate 10. Further 
preferably, the etching conditions and ammonia quantity are chosen to be 
effective to provide increased selectivity to the photoresist comprising masking 
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layer than would otherwise occur using an identical etching chemistry and 
identical etching conditions without any ammonia. 

Preferably, at least two or more fluorocarbons are utilized, and in some 
embodiments at least three or more may be used as part of the invention. 
Fluorocarbon(s) may be chosen from those available in the art for plasma 
etching, as well as yet-to-be-developed fluorocarbons. Exemplary suitable 
fluorocarbons include at least one member selected from the group consisting 
of fluorinated carbons, hydrofluorocarbons, chlorofluorocarbons and 
chlorohydrocarbons. Non-limiting examples include such compounds as C 4 Fg, 
C 4 F 6 , C 5 F 8 , CF 4 , C 2 F 6 , C 3 F 8 , CHF3, and CH 2 F 2 . Preferably, one or more 
of the compounds CF 4 , CHF3, and CH 2 F 2 are utilized. 

The fluorocarbon(s) are introduced with ammonia (NH3) in any suitable 
reaction chamber Preferably, the chamber is any suitable reaction vessel 
available for preferred plasma etching, including the remote generation of plasma 
outside of the actual reaction chamber. The ammonia may be obtained from 
any suitable source. The reaction chamber may be a multi-substrate chamber 
or a single substrate processor. By way of example only, the reaction chamber 
pedestal/susceptor for a single substrate processor may be set at an operating 
temperature within a range of about -50°C to about 80°C, with about 0°C to 
80°C being preferred. Preferred operating pressures are within the range of 
about 5 mTorr to about 200 mTorr, with a more preferred range being from 
about 30 mTorr to about 60 mTorr, with 45 mTorr being a particularly desirable 
example. Reduction-to-practice occurred at 100 mTorr An exemplary preferred 
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power range is from 250 to 1500 watts, with a preferred and reduction-to- 
practice example being 600 watts. Plasma etching may or may not be 
magnetically enhanced, with an exemplary magnetic field being from 0 to 200G. 
Reduction-to-practice examples occurred at 80G. 

The etching chemistry preferably comprises a volumetric ratio of all 
fluorocarbon to the ammonia of from 40:1 to 2:1, more preferably from 40:1 to 
3:1, and even more preferably from 40:1 to 4:1. Further preferably, the etching 
chemistry comprises a volumetric ratio of all fluorocarbon to the ammonia of at 
least 20:1. Further preferably, the etching chemistry comprises a volumetric 
ratio of all fluorocarbon to ammonia of no less than 6:1, and more preferably 
of no less than 9:1. A reduction-to-practice example utilized an Applied 
Materials 5000 Etch Chamber, with a CF 4 flow of 50 seem, a CHF 3 flow of 
20 seem and an ammonia flow of 5 seem. The ammonia flow rate is 
preferably kept at or below 8 seem. 

One or more of the fluorocarbons and the ammonia may be introduced 
into the reaction chamber substantially simultaneously, or successively. Other 
etching gases can, of course, be introduced into the reaction chamber together 
with the foregoing ammonia and fluorocarbon(s), with examples being carrier 
gasses, oxygen, nitrogen and other compounds. 

Referring to Fig. 4, etching is conducted to continue the formation of 
shallow trench isolation openings 20 through pad oxide comprising layer 14 and 
into bulk semiconductor substrate material 12. The same or alternate existing 
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or yet-to-be-developed chemistries could be utilized in continuing the etching to 
produce the Fig. 4 preferred embodiment construction. 

Referring to Fig. 5, photoresist comprising layer 18 has been removed and 
an insulative material 30 has been deposited to completely fill the trench 
openings. Other processing, for example thermal sidewall oxidation, could be 
conducted prior or subsequent to the formation of layer 30. An exemplary 
process for forming layer 30 is by high density plasma deposition. 

Referring to Fig. 6, materials 30, 16 and 14 have been planarized back 
to form shallow trench isolation regions 40 within substrate material 12. 
Chemical mechanical polishing is an exemplary preferred method. 

Alternate circuitry fabrication is also of course contemplated. In the 
broadest considered aspect of the invention, such is considered to literally 
include the formation of any silicon nitride comprising layer over any 
semiconductor substrate. At least a portion of the silicon nitride comprising 
layer is etched using an etching chemistry comprising ammonia and at least one 
fluorocarbon. A photoresist or other masking layer may or may not be present, 
and improved selectivity to other materials may or may not exist by inclusion 
of the ammonia. 
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In compliance with the statute, the invention has been described in 
language more or less specific as to structural and methodical features. It is 
to be understood, however, that the invention is not limited to the specific 
features shown and described, since the means herein disclosed comprise 
preferred forms of putting the invention into effect. The invention is, therefore, 
claimed in any of its forms or modifications within the proper scope of the 
appended claims appropriately interpreted in accordance with the doctrine of 
equivalents. 
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